In the study, we analyzed role of p53 in predicting outcome in visceral metastasis breast cancer (VMBC) patients. 97 consecutive VMBC patients were studied. P53 positivity rate was 29.9%. In the p53-negative group, median disease free survival (DFS), and time from primary breast cancer diagnosis to death (OS1), time from metastases to death (OS2) were 25, 42.5, and 13.5 months, respectively. In the p53-positive group, they were 10, 22, and 8 months, respectively. Statistically significant differences in DFS and OS1 were detected between the p53-negative and p53-positive subtypes. However, p53 appears to have no influence on OS2. In Cox regression analysis, p53 expression and TNM stage were predictive factors of DFS. In the multivariate analysis, p53 expression and the duration of DFS correlated with OS1, but not for OS2. Taken together, our data indicate p53 showing predicting role in OS1 for VMBC, but not for OS2.
A lthough significant advances in survival have been achieved with adjuvant treatments in patients with early-stage primary breast carcinoma, patients with recurrent metastatic breast carcinoma usually die of their disease. Several factors, such as estrogen receptor (ER), progesterone receptor (PR), human epidermal growth factor receptor 2 (HER2), age, stage, grade, time since metastatic development, and the site of metastasis, have all been well identified as predictive criteria for the prognosis 1 . P53 is also well studied marker in breast cancer. But its significance in predicting clinical outcome remains controversial.
The p53 gene is located on the short arm of chromosome 17 and encodes a 375 amino acid nuclear phosphoprotein that prevents propagation of genetically altered cells 2 . Wild type p53 is a tumor suppressor protein that plays a vital role in regulating genomic stability by controlling the cell cycle and inducing apoptosis when cell damage is beyond repair [3] [4] [5] . In normal cells, p53 is expressed in minutes and has a very short half-life by virtue of ubiquitylation and proteasome degradation mediated by MDM2 6, 7 . However, missense mutations within the p53 gene result in protein that is stabilized through posttranscriptional modification and accumulation within the cell nucleus. Mutations in the tumor suppressor gene p53 are present in 18%-25% of primary breast carcinomas 8 . Among the prognostic factors analyzed in studies focusing on breast cancer, an absence of p53 mutations appears to predict longer disease-free (DFS) and overall survival (OS) following primary therapy. With that said, the clinical course of visceral metastatic breast cancer (VMBC) has not been thoroughly investigated, and it is unknown whether p53 has significance in VMBC. Knowledge about p53 is important because breast carcinoma is a clinically diverse and heterogeneous disease, and the clinical course of these patients varies greatly. Some patients die a short time after they develop recurrent disease, whereas others may live for many years 2 . This study attempts to improve the prognostic markers in metastatic VMBC. Unlike ER, PR, and HER2, the prognostic and predictive value of p53 in breast cancer, especially in visceral breast cancer, is still under discussion. Some studies have indicated that abnormal p53 immunohistochemical expression, or p53-positive status, was associated with more aggressive tumor features, a higher tumor grade, negative estrogen and progesterone receptor (ER/PR) status, and the more aggressive basal subtype 9 . In contrast, other authors have reported that a p53 mutation does not impact the outcome of early breast cancer and that the evidence is not strong enough for p53 status to be recommended as a routine marker in clinical practice 10 .
The aim of the present study is (1) to evaluate and compare relationships between p53 status and other tumor characteristics among breast cancer with visceral metastasis, (2) to determine the prognostic value of p53 status within both subgroups, and (3) to compare between groups the value of p53 as a prognostic marker in relation to other commonly used prognostic factors. Correlation of p53 status with tumor stage. The expression of p53 was primarily detected in the nuclear of tumor cells using a semiquantitative scoring system as previously described 11 ( Figure 1 ). The correlations of p53 expression with tumor characteristics are shown in Table 2 . High p53 expression was associated with advanced TNM stage (p 5 0.011), multiple organ involvement (p 5 0.066), and shorter DFS (p 5 0.004). However, the expression of p53 was not associated with age, premenopausal status, family history, histological type, or ER, PR, and HER2 expression in VMBC patients.
Results

Patient
Correlation of p53 status with disease free survival. The median follow-up was 57 months after primary treatment. The median time of DFS was 23 months. The median DFS was 10 months for p53-positive patients and 25 months for p53-negative patients (p 5 0.004, Figure 2 ). In univariate analysis, p53 expression and an advanced stage were predictive of a shorter disease free survival (p 5 0.006 and 0.008, respectively; Table 3 ). In the multivariate analysis, p53 expression remained a significant predictor of poor DFS (p 5 0.025).
Correlation of p53 status with overall survival. At the end of this study, 26 patients (26.8%) were alive. The median OS1 was 38 months. The median OS1 was 22 months for patients with p53-positive tumors and 42.5 months for patients with p53-negative tumors (p 5 0.021, Figure 3 ). In the univariate analysis, p53 expression, the numbers of metastases, and the duration of DFS were predictive of poor survival (p 5 0.32; p 5 0.027; p 5 0.000, respectively; Table 4 ). In the multivariate analysis, p53 expression and the duration of DFS remained to be the significant predictors of poor OS1 (p 5 0.025, and p 5 0.031, respectively). Since p53 expression was strongly associated with DFS and OS1, we also performed a multivariate Cox's regression analysis with these factors included in order to estimate the independent effect of the p53 on OS2 of VMBC. This estimated the independent effect of p53 on OS2 in VMBC. The median OS2 was 13 months. The median OS2 was 8 months for patients with p53-positive tumors and 13.5 months for patients with p53-negative tumors (p 5 0.259, Figure 4 ). In the univariate analysis, tumor size and the number of organs involved were predictive of a poor OS2 (p 5 0.070 and 0.000, respectively; Table 5 ). In the multivariate analysis, only the number of organs involved remained a significant predictor of poor OS2 (p 5 0.009).
Discussion
Many data sets have shown that the absence of p53 mutations appear to predict a longer DFS and OS following primary therapy [11] [12] [13] [14] [15] [16] [17] [18] [19] . However, it remains unclear whether p53 has significance in the clinical course of VMBC and how it relates to other factors thought to influence the prognosis of VMBC. Hence, the rationale for this study is to evaluate and compare the role of p53 as a marker for prognosis and survival among VMBC patients. Consistent with previous findings, p53-positive VMBC was more likely to have an advanced TNM stage and mixed metastases at diagnosis than p53-negative breast cancer 20 . The p53 positivity rate for VMBC in this study (29.9%) was concordant with previous reports 21 . Also congruent with previous findings [22] [23] [24] , our study indicated that p53 was associated with tumor aggressiveness. In all the investigated patients, p53 expression correlated with a higher tumor stage and multiple organ involvement (visceral organ and bone). Patients who expressed p53 had a poorer DFS (P 5 0.004) and OS1 (P 5 0.021) than p53-negative patients. Then a question was raised. One reason for a shorter DFS in p53-positive breast cancer may be the relative resistance of p53-positive tumors to chemotherapy. Studies of women treated with a variety of chemotherapeutic regimens, or hormonal therapy, suggest that p53 status may be predicative of a response to therapy 25, 26 . Retrospective analyses of randomized clinical trials, using either IHC measurement of p53 expression (CALB 9344) or TP53 gene sequencing (BIG 02-98), have identified a correlation between patients with a poor prognosis and those treated with adjuvant doxorubicin and cyclophosphamide, or doxorubin 27, 28 . In addition, When TP53 mutations occur, it usually exert cancerpromoting effects, not only by dominant-negative inactivation of the remaining wild-type allele, but also through authentic oncogenic gain-of-function activities, which include a wide range of newly acquired oncogenic properties that are not found in the wild-type p53, such as increased genomic instability and cell proliferation, augmented invasion and metastasis, and inhibition of apoptosis 29, 30 . Taken together, all these may contribute to the poor clinical outcome of breast cancer with visceral metastasis. In concordance with these findings, we also found that p53-positive breast cancer was more likely to have an advanced TNM stage at the primary diagnosis, which may be related with the poor DFS and OS1. However, our study did not observe p53 had an impact on OS2. This is an interesting clinical phenomenon and has not previously been studied. Why this well recognized prognostic factor can lose its predictive value in VMBC is unknown and remains unclear. Perhaps a breakthrough at the gene and protein level comparing breast cancer patients before and after visceral metastasis will reveal this phenomenon. More research is needed to improve the knowledge of p53 in order to make optimal decisions for VMBC.
Furthermore, p53 expression appeared not to be associated with a high tumor grade of differentiation, estrogen and progesterone receptor negative status, or HER2 status. This was not consistent with previous studies 9 . Perhaps larger sample sizes are needed to confirm the observations and determine whether associations exist that may have been missed in smaller studies. The p53 tumor suppressor protein, encoded by the TP53 gene, is a transcription factor that, when activated as part of the cellular stress response, regulates genes involved in cellular processes including the cell cycle, apoptosis, and senescence 31 . In this study, p53 protein accumulation was assessed by immunohistochemistry (IHC). IHC was ideal because wild-type p53 protein is rapidly degraded, whereas TP53 mutations are often associated with the production of a stable protein that is detectable by IHC of the cancer cells 32 . Currently, IHC is the most commonly used modality for the evaluation of p53 mutations because sequencing of the p53 gene in all breast cancers would be expensive and time consuming for daily practice. Therefore, p53 evaluation by IHC is a practical tool to assess the prognosis.
Treatment for metastatic breast cancer (MBC) has evolved in the past 20 years because of the discovery of new and better tolerated therapies. Survival of patients with MBC has improved, with median survival now ranging between 18 and 30 months, and 5-year survival between 23% and 30% [33] [34] [35] . However, MBC with visceral metastasis remains terrible for patients. Our study indicated that 5-year survival was 22.68% with a median survival time of 35 months. Bones are the most common site for the first metastasis in women with ER-positive and HER2-normal breast cancer, whereas basal-like and HER2-positive breast cancer is more likely to recur in visceral sites, including the central nervous system 36 . Our results provide evidence that targeting mutant p53 may serve as a promising therapeutic strategy in the treatment and prevention of visceral metastasis for partial breast cancer bearing p53 mutations. Studies have indicated that knockdown of mutant p53 by siRNA was able to induce G2-phase cell cycle arrest and apoptosis in human bladder cancer cells. Moreover, this strategy cooperated with cisplatin in the inhibition of cancer cells 37 . Using Cox's model analysis, our study indicated that the number of metastatic sites and primary tumor size were associated with a poorer OS2.
This study had several limitations. First, the retrospective design made it difficult to compare the p53 status, treatment response, and clinical course of the patients. Second, the small sample size may have limited the ability to derive statistically significant results and correct for differences in subgroup characteristics. Our studies did provide more information in the evaluation of p53's significance in VMBC.
In conclusion, these results indicate, by IHC, that patients with p53 protein accumulation appear to have shorter DFS and OS1 than those without p53 expression. However, when patients develop visceral metastasis, presence or absence of p53 is not a clinically useful tool to predict the survival time from metastasis to death. Larger prospective studies will be needed to confirm these findings. We selected 97 consecutive patients with complete data for analysis. All patients had baseline assessments that included a complete blood count as well as renal and hepatic function tests. Imaging studies before treatment included chest X-rays, abdominal ultrasounds, and radionuclide bone scans. Computed tomography (CT) scans of the chest, abdomen, and pelvis were conducted when deemed necessary by the treating physician. Chest X-rays, abdominal ultrasounds, and laboratory studies were repeated every 3 months. In all the patients, disease management consisted of surgery, adjuvant radiotherapy, systemic chemotherapy in a neoadjuvant and/or adjuvant setting, and adjuvant hormonal therapy in hormone-receptor-positive patients. Additionally, all the patients underwent a total mastectomy and received an anthracycline-containing regimen either in the neoadjuvant or adjuvant setting. Histopathological data was documented from the original pathological reports and included tumor size, axillary lymph-node status, grading, ER status, PR status, and HER2 status. Visceral metastases were classified as either visceral alone (lung, liver, or brain) or mixed visceral (visceral organs and bone involvement). Chemotherapies in the metastatic setting included docetaxel, paclitaxel, gemcitabine, and vinorelbine.
Histopathologic assessment. All of the histopathologic information used in the analysis was directly documented from the original pathology reports. Grading, tumor type, ER status, PR status, and HER2 status had been routinely recorded at our hospital, and the tests were performed on formalin-fixed, paraffin-embedded tumor tissue. Monoclonal mouse antibodies against the estrogen receptor alpha (clone 1D5; 15200 dilution, DAKO, Denmark) and monoclonal mouse antibodies against the progesterone receptor (clone pgR636, 15200 dilution, DAKO, Denmark) were used to stain the primary tumors. The percentage of positively stained cells was included in the pathology reports. The tumors were considered to be ER-positive and PR-positive if 10% or more of the cells showed positive staining. A polyclonal antibody against HER2 (A0485, 15200 dilution, DAKO, Denmark) was used and HER2 status was noted in the pathology reports as negative (scores 0, 11, and 2 1) or positive (scores 3 1).
Immunohistochemical staining for p53. Samples were fixed in 4% paraformaldehyde or 10% formalin and embedded in paraffin. 4 micron sections were cut and placed on silane coated slides for immunohistochemistry. The paraffin sections were dewaxed and pretreated in 0.01 M sodium citrate buffer (pH 6.0) and microwaved on high for 5 minutes and low for 15 minutes to unmask the tissue antigen. These sections were then incubated with 3% hydrogen peroxide for 10 minutes at room temperature to block endogenous peroxidase. Statistical analysis. Data was analyzed using SPSS 17.0 software (Inc., Chicago, Ill., USA), and descriptive statistics were used to determine the patient's clinical characteristics. The chi-square test was used to compare categorical tumor features in the p53-positive and p53-negative groups. DFS was disease free survival, OS1 was the time from initial diagnosis of breast cancer to death, and OS2 was defined as the time from detection of the first metastasis to death. Kaplan Meier and log rank tests were used for the analysis of OS1 and OS2. Multivariate analysis was evaluated by step wise forward Cox's regression analysis. The Fisher exact test was used to assess the association significance of p53 distribution in patients with visceral metastasis. For all the analyses, P value # 0.05 was considered statistically significant. 
